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B B IR A5 30 7K 25 ) DL A Dk die /s Ak B DR 56 T R ) R R, B8 R ) B, 28 e AR AU R R T AL AE A Y R Ak
(Symbiotic organisms search algorithm) 5 R & 48 28 5 W 45 -5 IR & e A: A= 48 R85k LISR fi: PRSP,

H E R A R, RGBS U K 2 ] 3 R TR] AR 22 2 SR F B LR B 58 12 01 45 5 JR 8 R SR R S T B R 1Y
SORM TR, BRI R A (Filtered beam search algorithm, FBSA) B —Ff & T R R Rk gk E &
A REL ST BA R AE Ty i 8 R )P 2 80 A . DRI R R R B R R A R i R R
FARAE BEAR RN GEAE T AL AU AR AR TR G 1 8 SR AEL B A A R e T R K G TR
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IR HR ) PR A AR 6 ) L T T TR B R AR MR (Mlixed integer linear programming, MILP)BIAY, Jf42 1 T
— P I N B R E REAE 9 FBSA T P iz ) 8,

1 PFSP #iid R 54 2 BirtE B8 gy T

1.1 PFSP #%i&

PFSP & 17 2 S FR i K 26 A5 77 I8 B 0] R ) fA7 AR R, 2 B AR (% NP-E ) B, () R 3R O 2 N 057 9 T A4
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Fig. 1 The example of FBSA based on elite selection strategy
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Tab.1 Local search strategy 1
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Tab. 2 Local search strategy 2
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1 <2 % n
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simulated annealing algorithm, ZSA) . A] 48 £7 3% 55 ¥ (Framinan and Leisten’ s variable greedy algorithm,
FLVG) DA K P M B (Fast ant colony algorithm, FACO) ##47 b8, 2% i 1B HLEC & N Inter core i7

2.80 GHz, NFE K 8 GB, 4 it 5 A Matlab,

®3 ZRMERKRKE
Tab. 3 Global search strategy
118 AN
1 ot o WA HEATE K (o, o) BEIETT 38 460
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4 K&Mﬁnfm%g+%§wg_wquf%&

5 5 A R RN RS (T 50 | 1= n)
6 C:,l 1 ‘*C;’_il 1 +P3i.| ’ EI] k<2 @J m ,C;l .,\,emax{(fsl k1 7(/‘9’[,71 N } +p;l T

7 k<~m—13% 1 & E —#
8 Cal ,,\,«min{E;lil & Da o ’EE’ k1 T Ps e }

9 Wit E E; :max{O,d*a;j YA T, :max{OsE;J —dy H =1, PR QDR B R REUE (6,0
10 St o 1 C #HATREH (6.0 €L ER/PILE f((6.0) .0, .
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50,75,100) 3 BUA , HL#F £ m A {5.10,20 ) H ik
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Fig.2 The flow chart of FBSA based on elite selection strategy
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TR R mMEE IR T 3. 5% . BN BB FH R mMET T 2%, MEHE T/EREDY
HAOML,FLVG 1 FACO Bk Rla T8k, ZSA B RN E A F EMEYRINMmEA S LY E T
4% . It A A i A 3l A AT ] ) 8 B i e O %

®1 BRMEZESLTSELY

Tab. 4 Deviation percentage and the best times of the optimal solution

LB G HLEs B0 (m) NS PRSA ZSA FBSA FLVG FACO
8 5 1.47%(106)  0.96%(115)  1.09%(109)  0.01%(149)  0.13%(144) 0.02%(146)
8 10 1.15%(112)  0.69%(123)  0.52%(117)  0.00%(150)  0.03%(148)  0.00%(148)
8 20 0.85%(109)  0.67%(123)  0.69%(103)  0.00%(149)  0.02%(147)  0.00%(151)
10 5 1. 34 % (86) 1.27%(87) 2.05%(56) 0.09%(138)  0.23%(126)  0.18%(126)
10 10 2.32%(65) 0.96%(104)  1.75%(67) 0.08%(144)  0.35%(128)  0.12%(133)
10 20 0.56%(83) 0.55%(108)  1.39%(58) 0.06%(141)  0.07%(136)  0.06%(135)
12 5 2.33%(57) 2. 14%(74) 4.47% 27 0.27%(115)  0.55%(97) 0.72%(82)
12 10 2.75%(48) 1. 63%(75) 3.76%(26) 0.40%(108)  0.56%(95) 0.55%(83)
12 20 1. 86 % (42) 1.22%(87) 2.83%(29) 0.10%(133)  0.37%(101)  0.27%(97)

TS BT R 45 B A B A R T R A B BV AR B, T TR
X5 m=HREBREAESERERYE

Tab.5 Deviation percentage and the best times of the optimal solution (m=5)

b B (o) NS PRSA ZSA FBSA FLVG FACO
15 2.87%(43) 3.35%(45) 6.84%(7) 0.55%(108) 1.62%(57) 1. 44 %(37)
20 3.94%(27) 3.27%(38) 9.15% (1) 0. 65%(86) 3.27%(14) 3.04% (1D
25 2.67%(33) 3.26%(27) 9.37% (1) 0.56% (88) 4.25%(13) 3.53% (D)
30 3.13%(36) 2.95%(23) 10.42%(0) 0.85%(76) 4.37%(14) 4.24%(5)
40 2.53%(27) 2.66%(34) 11.16% (0 0.91%(79) 7.04%(3) 4.57%(2)
50 3.65%(33) 2.85%(42) 11.54%(0) 0.86%(73) 6.67%(6) 5.23%(2)
75 5.03%(8) 2.27% (45) 11.15%(0) 0.79%(90) 5.96%(8) 4.65%(6)
100 6.63% (5) 1. 65%(63) 11. 66 % (0) 1. 05%(70) 4.77%(13) 4.72%(5)

£6 m=l0HREBREEFESLEMEERE

Tab. 6 Deviation percentage and the best times of the optimal solution (m=10)

P B () NS PRSA ZSA FBSA FLVG FACO
15 4.07%(26) 1. 85%(67) 6.07%(8) 0.39%(103) 1.43%(63) 1. 67%(33)
20 1.03%(15) 2.79%42) 8.13%(3) 0.55%(95) 2.97%(26) 2.77%QD
25 3.57%(23) 2.96%(35) 9.25%(3) 0.52%(94) 3. 73%(23) 4.45%(5)
30 3.92%12) 3.06%(34) 10.35% (0) 0.55%(101) 1.78%(8) 4. 86% (6)
40 4.05%(21) 2.84%(33) 12.29% (0 0.87%(88) 5.75% () 6.57%(2)
50 4.09%(15) 2.65%(33) 12.03% (0 0.76%(89) 6.57% (9 5.72%(3)
75 7.55% (4) 2.35%(42) 13.05% (0 0.82%(91) 5.69%(5) 6.07%(5)

100 7.95%(3) 1. 98%(43) 13.87% (0 1.19%(85) 5.26%(8) 5.82%(5)
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Tab. 7 Deviation percentage and the best times of the optimal solution (m=20)
P B () NS PRSA ZSA FBSA FLVG FACO
15 2.42%(32) 1. 68%(49) 4.37% (D) 0.22%(112) 0.87%(63) 1.05%(33)
20 2.95%(22) 2.14%(38) 6. 43% (0) 0. 40%(98) 1.95%(23) 2.55% (1)
25 3.03%(15) 2.74%(29) 7.63%(0) 0.35%(109) 3,07%(14) 3.73%(2)
30 3.87%17) 3.07%(26) 9.74%(2) 0.53%(100) 3.96%(8) 4.61%(0)
40 4.09%(15) 3.29%(36) 9.97%(2) 0.73%(95) 4.32%(7) 5.73%(0)
50 3.95%17) 3.24%(25) 11.85% (0) 0.59%(103) 6.14%(7) 6.67%(3)
75 4.99%(8) 2.27%(43) 11.84%(0) 1. 04 % (89) 5.57%(13) 6.25%(2)
100 7.05% () 2.28%(42) 12.45%(0) 1.07%(85) 4.64%(13) 5.67%(2)
£8 n=50.m=10HEF r WRABREZEII
Tab. 8 Deviation percentage of the optimal solution based on r (=50, m=10) %
i 1 K5 () NS PRSA ZSA FBSA FLVG FACO
0.0 4.36 1. 85 14. 27 1.72 5. 09 3.97
0.2 6.15 3. 89 16. 35 1.15 11. 62 8. 34
0.4 6. 87 3.17 19. 45 0.33 8. 35 10. 09
0.6 1.79 2.33 6. 90 0. 39 5.43 3.78
0.8 1.35 2.28 3.45 0. 69 2.56 2.37
K9 n=50,m=10HEFRANSEBRETSIL
Tab. 9 Deviation percentage of the optimal solution based on R (n=50, m=10) %
F391 H e (R NS PRSA ZSA FBSA FLGV FACO
0.2 2.76 2.03 9.08 0. 68 5.18 4.35
0.6 2.87 2. 88 8. 43 0. 41 6.53 4.57
1.0 6. 62 3.17 18.72 1.16 8.13 8. 21
K 3 k4 B3k AE Taillard 5 e K 1Y 500 4656 4472 4476 4523
S5 1R R (Average error rate,Rag) . Ra 40+ ][] [ ]
LR /NS _ a0l 27.98
R,\E::1 23 Zi— Zuw y 100Y | < 5l
Soh 2 W w%m%@%raﬂaﬂ,zw 1oy s
o BETC R - BE, £ R BB AR 0 : - — :
NS PRSA ZSA FBSA  FLVG FACO

i, FBSA 76 12 ME B R i 1.35%,
8 JIE AR T H AW IE (Y R, R T A SCHE
(149 3 G 0 5 5 R W 19 FBSA AR X F HiAlh 5
Pk I LA A AR e

BT WE FBSA AP RE . BF 9T T 5 F FBSA XF HAfth 5 Rl & w: i st &

Ak

B 3 KEETE Taillard BENIR PR EHEIRE

Fig.3 Average error rate of each algorithm in Taillard benchmark test

41 b (Improvement percentage, Pp)
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mechanism) \DWWO(Discrete water wave optimization) ., TMIIG(Tabu-mechanism improved iterated greedy) ,
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Fig. 4 Improvement percentage of other algorithms based on FBSA
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Fig. 5 TAO060 convergence graph
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Fig. 6 TAO080 convergence graph
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Permutation Flow Shop Scheduling Problem Based on Filtered Beam Search Algorithm

DONG Hai', WANG Hanpeng®
(1. School of Applied Technology. Shenyang University;
2. School of Mechanical Engineering, Shenyang University, Shenyang 110044, China)

Abstract: [Purposes]To solve the problem of minimizing the absolute deviation between the job completion time and the common due
date in the permutation flow shop and minimizing the intermediate inventory. [ Methods]A heuristic algorithm is proposed based on
the filtered beam search method. First, build a mixed integer linear programming model based on minimizing absolute deviation and
intermediate inventory. and use a two-stage method to solve the model; secondly, a Filtered beam search algorithm (FBSA) based
on the elite selection strategy is proposed, which integrates the elite selection strategy and FBSA, and performs local and global
searches on the iterative nodes with “hope” to determine the selected the optimal solution. [Findings |Finally, the FBSA based on the
elite selection strategy is compared with other intelligent optimization algorithms in the three indicators of the optimal solution
deviation percentage, average error rate, and improvement percentage through example simulation. The results show that the
algorithm is efficient and stable in solving the proposed problem. [Conclusions]FBSA based on elite search strategy has good effects
and advantages in dealing with PFSP,

Keywords: filtered beam search algorithm; permutation flow shop scheduling; mixed integer linear programming model; elite

selection strategy; two-stage method
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